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(54) Title: LIQUID CRYSTAL SHUTTER 
(57) Abstract 

A liquid crystal shutter construction (18), suitable for a glass shield 
and a welding glass filter, which shutter construction is able to switch 
between a high light absorbing dark state and a low light absorbing 
transparent state, and vice versa, comprising low twisted nematic type liquid 
crystal cells with a twisting angle between 0° and just below 90° t and an 
electronic circuit output generating a variable cell driving voltage higher 
than about twice the threshold voltage for at least one of the liquid crystal 
cells and with a polarity switching frequency of less than 1 Hertz. 
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Liquid Crystal Shutter 

The present invention relates to liquid crystal shutters suitable for electro-optical eye- 
protection devices, glare shields and automatically darkening welding glass filters, and then 
more specifically to constructions according to the preamble of the following claim 1. 

5 Background 

Liquid crystal shutters are useful in various applications concerning the transmittance of light 
through an aperture in which it should be possible to switch the shutter between a low light- 
absorbing state with a low transmission density value and a high light-absorbing state with a 
high transmission density value. By combining polarisation filters and cells of liquid crystals 
0 that are alignable by means of an electric influence, the transmittance of state of the art liquid 
crystal shutters is made variable in response to a change in the electric influence. 

This kind of shutters are favourably applied as light filters in for example eye-protection 
devices, such as automatically darkening welding glass shields. However, prior art liquid 

5 crystal shutters suffer from the problem that the transmission density is asymmetric and 

dependent on the angle of incidence of transmitted light. This angular dependence is due to an 
incomplete molecular alignment with the applied electric field when driven in an intermediate 
voltage range typically between 2 and 10 volts and is especially disadvantageous in applications 
that require a large field of view. Another problem is the high power consumption of such prior 

0 art shutters, which leads to rapidly consumed battery cells in mobile equipment and has well 
known economic as well as safety and environmental aspects. 

A state of the art liquid crystal cell in this context consists of a liquid mixture of elongated 
molecules sandwiched between two delimiting glass plates. The liquid mixture facing surface 

5 layers of the glass plates are treated so that alignment directors, for example grooves, are 

formed having a uniform direction and the liquid crystal molecules close to such a surface layer 
tend to align parallel with the directors. By twisting the glass plates so that the directors are 
not-parallel, a helical structure of liquid crystal molecules is formed between the glass plates. 
For example, the standard 90° twisted nematic (TN) cell is formed with a twist angle between 

0 the molecule alignment directions of the glass plates of 90°. The molecules of liquid crystal 
normally used in this context, have an inherent positive dielectric anisotropy and can therefore 
be predominantly aligned upon the application of an electric field with a voltage higher than a 
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cell specific threshold value The helical . 

Impurities in a liquid crystal cell tend to interfere with th r • J 

electncally acvated state, a leakage current flow across t he ce.l If the , J , 
driven with a nr „r i„ r e wcning of a cell is 

w, DC or low frequency voltage, such impurity ions can migrate towards the 
al.gnment layers and become embedded a, the inner cell surfaces Uoo! , 
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cel. switching. Therefore ,i q u*ZZ " ^ ^ ^ ™ y "*» 
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— - - - * . ^ Power consumption ^ 
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cell structures. In particular, when using driving voltages close to the threshold voltage, the 
charging effects result in an optical asymmetry and a time dependent transmission. These 
drawbacks are also confirmed by technical specifications from manufacturers of liquid crystal 
cells, where it is stated that only a very low direct cun-ent component can be accepted. 

5 

In this context, a typical cell construction consists of a twisted nematic (TN) type liquid crystal 
cell inserted between two mutually crossed polarisation filters, where the defining walls are 
treated with a plastic layer which has been brushed or rubbed in specific directions, the so- 
called alignment directions, so that the structure in the liquid crystal defining surfaces will force 
10 the nematic molecules to each take specific angular positions and so that the molecules will be 
twisted mutually through 90° between said defining surfaces. Other surface treatment methods 
which have corresponding effects are also known to the an. In an electrically non-activated 
state, the polarisation plane will be rotated through 90° as light passes through the filter and 
the cell becomes transparent. This rotation of the nematic molecules can be stopped to a 
1 5 greater or lesser extent, by applying an electric field and therewith obtain a filter effect that can 
also be controlled. However, a cell of this kind has a relatively strong angular variation of 
transmittance in its dark, electrically activated state, with varying absorption of light that is 
incident at angles other than a right angle, this asymmetry being further amplified by the fact 
that the nematic molecules nearest the surface, bound by the surface effect, still give rise to a 
2 0 residual optical activity. Thus, when the angles of incident light increase in relation to the 

normal (i.e. the perpendicular), the filter in the two bisectrix directions between the alignment 
directions will be more transparent and relatively constant in relation to the directions of the 
crossed polarisers along the direction of one bisectrix while darkening along the direction of 
the other bisectrix. 



25 



30 



It is known to compensate for the transmittance variation effect by combining two TN cells 
which twist through 90°, such that the "weak" bisectrix of one TN cell will coincide with the 
bisectrix of the other "strong" bisectrix, and vice versa. However, despite this compensation, 
the field of vision is still uneven, which is troublesome to the user. 

An improvement in respect of the angular dependent transmission asymmetry is provided by 
the technology described in the copending but not yet published patent applications SE 
9401423-0 and corresponding PCT/SE95/00455. These documents show a liquid crystal cell 
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In accordance with one embodiment of the SE 9401423-0 and PCT/SE95/00455 technology, it 
is convenient also to reduce the thickness of the liquid crystal cells. This results particularly in a 
reduced switching time, because the switching time is inversely proportional to. the square of 
5 cell thickness. Thus, the switching time can be reduced in the order of magnitude of 50%, by 
reducing the thickness of the liquid crystal cells from 4 mm to 3 mm under otherwise equal 
conditions. This reduction in cell thickness can be achieved by using low-twist cells, by virtue 
of a dependency that has been found to exist between the value thickness multiplied by optical - 
anisotropy, the twist angle and the light transmission in the light or transparent state. This 
1 0 dependency can be utilised to construct a protective welding glass which has good optical 
angular properties, high light transmission in the transparent state, and rapid state-switching 
properties. This is only possible by using low-twist cells with the polarisation filters placed in 
the aforedescribed symmetric manner. 

15 The fundamental cause of this thickness problem is that a cell which does not have appreciable 
thickness will not function to cleanly rotate optically incident polarised light, and elliptically 
polarised light will be emitted instead. When this cell is placed between two mutually crossing 
polarisation filters, transmission will vary periodically with the thickness of the cell. 

20 In accordance with another embodiment of the SE 9401423-0 and PCT/SE95/0O455 

technology, a low-twist cell can be placed anti-symmetrically, meaning that the direction of the 
bisectrix of the acute angle between the treated molecule alignment directions of the cell 
(rubbing directions) is placed so as to coincide with the direction of polarisation of one of the 
mutually crossed polarisers. In a non-activated state, such a construction will exhibit relatively 

2 5 low light transmission, but a more transparent state is obtained when a moderate voltage is 
applied, this more transparent state returning to a generally darker state when the voltage is 
again increased. One advantage with this construction is that a loss in voltage will not result in 
a loss of light absorption and that a given protective effect will remain. This enables the 
existing standard for protective welding glass which requires the difference between an 

30 adjusted state and a state which occurs upon the loss of current supply to be at most nine 

darkness degrees to be maintained more easily, even at high degrees of darkness. This enables 
two asymmetric low-twist cells with polarisers placed anti-symmetrically to be used, or one cell 
with symmetrically placed polarisers and one low-twist cell with anti-symmetrical polarisers. 
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Other aspects of the invention concern variable transmission density and power consumption 
and, hitherto, such a cell combination has been operated with a high frequency driving voltage 
according to the well known liquid crystal specifications and in order to avoid the above 
mentioned drawbacks of low frequency driving voltages. By extending the transmission 
characteristic in a low twist construction, the transmission density value in the upper dark 
range can be varied by means of a higher driving voltage and, in accordance with the present 
invention, it has now been found that this fact allows a lower frequency of the driving voltage. 
For welding glass filter applications, the transmission density value or shade numbers are 
defined conventionally as D= 1+7/3 x l0 log(I/T), where T is the transmission coefficient, and 
for practical purposes the critical values are in the range of 9-14. Thus, preferred embodiments 
of the inventive shutter construction is driven with a voltage frequency lower than 1 Hertz or 
even with a DC voltage, the polarity of which is then switched at a presettable rate. 

Brief Description of the Drawings 

The invention will now be described in more detail with reference to exemplifying 
embodiments thereof and also with reference to the accompanying drawings, in which: 
Fig 1 is an exploded view of a previously known liquid crystal shutter construction comprising 
90° twisted nematic cells; 

Fig 2 illustrates two liquid crystal delimiting plates of a liquid crystal cell in accordance with 
the invention; 

Fig 3 shows transmission characteristics of different liquid crystal cell combinations; 
Fig 4 a, b and c show examples of transmission asymmetry effects for prior art shutter 
constructions; 

Fig 4 d shows the degree of transmission asymmetry resulting from low frequency operating 
for different transmission density values and different inventive cell combinations compared to 
prior art; 

Fig 5 a and 5 b are block diagrams illustrating embodiments of electric circuits for operating a 
liquid crystal shutter in accordance with the invention; 

Fig 6 illustrates how the optimal twist angle varies with the product between the optical 
anisotropy and the cell thickness. 

Fig 7 shows the transmission characteristics of a device according to the invention, including a 
retardation film and the transmission characteristics of the device without any compensating 
retardation film; 



10 



15 



20 



25 



30 



WO 97/15254 _ 

PCT/SE96/01372 

8 

Fig . shows .He in pnnciple w embodimen , ^ ^ ^ ^ ^ 

Detailed Description of Embodiments 

UV „ g h, an * ught Md |imjts , he wave|ength ^ There 

* er 2 or oolanse, . first opIically rotating , iquid ^ ^ ° 

who- portion direction is a, ri g h, an,,. to the po,^, directio „ P of the £ 
po ansa, fll 2 . ^ ^ ^ ^ ^ ^ 

nher * whtch has the same direction 0 f polarisation as the f, rsl polarisa , io „ fi| J 2 ^ 

rrangp, may optional,, aiso inCude a so-ca„ed gues-hos-ce,, 7. This latter ce« is no, an 
opttca y rorat.ng ce „ bu , instead incIudM a „ ematic ^ 

no™,, y ahgned para „ e , ^ ^ ^ ^ ^ ^ a, 

S ° f PrePared ^ — * "olecu.es having ordered a*sZ 

bsorpt.on ,s ntghlv abs0 r b e„, in the ahgned stale . TOen . „ ^ 

he nern,,c co,s,a, wil, posi,io„ thetnselves at ri gh , ^ to ^ ^ a „ 
.he molecufes of the dichroic dy e ,o tnove t o orientations in which ,he ,eas, antount of Hg 

o*~e*. ,s tha, .he y wi „ provide . filter effec , , the abjence of ^ J 
•he other cel, ,s „ g h,-,ra„sparen, in ,he absence of an app„e d voltage . ^ such [J^T 
con,,a,o„ a P p,ie d to a we,di„ g filter is ,a k e„ into use, ta co„ tr0 , circu,,s are activated a 
voi.age ,s a PP „ed ,o .he guest host ce„ 7, t he filter hecotnes n,ore o P e„ ,o lig n, A 

: r t whether ° r not weidins iishi emers th < w ~ - - 

rcu, (not shown, causes a co„,o, vol.age ,o be applied ,o .he c=„s 3 and 5 while eliminating 
voltage to the ce„ 7. arranges of .his kind is common ,o bo.h .he tnvention and 

Z£r que ' insofar ,ha ' the invewion is — - - — — 

The inwar dly facing g ,ass p ,a,es of the cells are provided wi t h transparent e,ec.rica,l y 
cooducnv. eiecrode ,a y ers i„ di „ m -«i„ 0 , d e lay ers, on which .here is applied f or 
-ance a po , yimide layer which has been ^ bwshin 

ZTr aCCOrdi " S '° ^ * eChnil,UeS direCtiMS ^ - Pedicular in 

muruall, facng surfaces. According ,o .his known !e chni q „e, the ceils 3 and 5 are turned 




PCT/SE96/01372 



antiparallel in relation to one another, for instance so that the first cell surface that receives 
light in the cell 3 is treated at right angles to the polarisation direction of the polarisation filter 
2, whereas the first surface that receives light in the cells 5 is treated parallel with the 
polarisation direction of the polarisation filter 2. The compensation described in the 
5 introduction is achieved herewith. 

A prior art welding glass filter arrangement of this kind can be caused to change from its 
transparent state having a density of about 3 to density values ranging from 9 to 14, by varying 
the applied voltage between about 3 volts and about 5 volts. Normally the same voltage is 
10 applied to both cells. 

The density varies because the voltage that strives to orientate the nematic molecules parallel 
with the electric field is counteracted by the plastic layers on the inner surfaces of the glass, 
which cause the molecules to be aligned parallel with the surfaces, and consequently the 
15 electrically influenced orientation has its greatest effect in the centre of the cell and decreases 
towards said surfaces. However, in practice, a certain optical activity will always remain due to 
the surface effects. 

The transmission density or shade value is defined according to welding standards as 

20 

D - 1 + 7/3 x l0 log(lAT), 

where T is the transmission value. 

2 5 Despite the compensation that is achieved with regard to oblique angles of incidence, the not 

insignificant differences in the field of vision still remain when practicing this known technique. 

The concept of liquid crystal protective welding glass structures has in previously known art 
been based on the expected natural geometry that is obtained when orientation of the crystal is 

3 0 twisted through an angle _ of 90° in response to forced conditions at the boundary surfaces. 

An improvement can be achieved by reducing the angle through which the crystal is twisted. 
This is illustrated in Fig. 2, which shows a pair of plates of a liquid crystal cell. The mutually 
facing surfaces of the plates 10 and 11 are each provided with electrically conductive layers 
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and thin plastic coatings. These layers and coatings are brushed, or rubbed, in accordance with 
the white arrows 12 and 13 but at a mutual angle q. According to the earlier known technique 
this angle is .90° but is smaller than 90° according to the present invention. As illustrated the ' 
plate arrangement is intended for a cell which rotates naturally in an anti-clockwise direction 
although cells which rotate in a clockwise direction are also known. The plates are provided at 
14 and 15 with means through which a voltage can be applied. The reference numerals 16 and 
17 identify identification marks made on the plate edges. 

A liquid crystal shutter in accordance with the invention applied as a filter in a protective 
welding glass included in a welding helmet, is seen by the wearer of the helmet as a shaded 
window. The filter is activated and has an optical density in the forward direction, this optical 
density, however, having an angular variation. As has been shown in SE 9401423-0 and 
PCT/SE95/00455, the filter effect obtained will be far more uniform over varying angles of 
view when the angle q differs from 90° than with state of the art 90° twisted nematic cells. 

The use of two identical liquid crystal cells entails the advantage that both cells can be driven 
with one and the same voltage, which voltage can be varied to produce different densities. This 
simplifies the electronics that are required. However, this forced condition no longer applies 
when more expensive electronics are used, such electronics providing more degrees of freedom 
for obtaining said compensation. 

As earlier mentioned, there is good reason not only to reduce the twist angle but also to 
reduce the thickness of the cell to a corresponding extent. It is found that there exists an 
optimal thickness (or more correctly an optimal product between optical anisotropy and 
thickness) for each twist angle, and the relation is shown in Fig. 6. The best possible 
transparent state is obtained at this optimal thickness. 

According to the invention, the driving voltage shall be supplied at a low frequency and a 
voltage significantly higher than the threshold voltage for liquid crystal cell material. For the 
liquid crystal cell construction to be variable in the dark state, this requires a transmission 
characteristic that is extended over a wide voltage range. Fig 3 shows the relation between 
transmission density or shade number and applied voltage for different liquid crystal cell 
combinations. Curve 100 describes the characteristic of a two-cell combination with 90° twist- 
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angle and curve 102 two-cell combination with 70° twist-angle, whereas curves 104 and 106 
show single cells with 90° and 70° twist-angles, respectively. It is clear from the diagram that 
the lower twist-angle, the higher voltage range between the transmission minimum at about 1.5 
volts and the asymptotic transmission maximum for each cell variety. 

5 

Fig 4a,b and c show the typical effect of polarity dependent transmission asymmetry when 
operating a state of the art liquid crystal shutter at a low frequency, the steps of the curves 
occurring in connection with each polarity reversal. Fig 4 a shows a transmission asymmetry 
effect caused by a permanent charging effect; Fig 4 b an optical asymmetry effect caused by a 
10 charge formation during the polarity switch interval, which charge gradually reduces the 

effective voltage over the liquid crystal layer; and Fig 4 c shows a typical combination of the 
two effects. The specific transmission values of the asymmetry effect are strongly dependent on 
the material used in the liquid crystal cell as well as on the operating conditions. 

1 5 Fig 4 d shows in a diagram of test results the degree of transmission asymmetry for different 
transmission density values and different inventive low twist cell combinations compared to 
prior art 90° twisted nematics when driven with low frequency polarity reversed DC voltage. 
The transmission density value, or shade number, is indicated on the horizontal axis of the 
diagram, and the asymmetry rate is indicated on the vertical axis. The asymmetry rate is here 
. 2 0 expressed as the difference between the shade number attained with two different applied 
voltage polarities. 

It is clear from Fig 4 d that the asymmetry rate for a certain density value is considerably lower 
for twist angles of for example 60° or 70° than for a twist angle of 90°. So is for example the 
2 5 asymmetry rate for the density value 10 between 2 and 3 times lower with a twist angle of 70° 
than with 90°. A similar comparison for the density value 12 shows that the asymmetry value is 
5 to 10 times lower with 70° twist angle. The improvements are even better for the lower twist 
angle 60°. Reduction of twist angles below 60° results in a further reduction of the asymmetry 
degree, and then the required driving voltage is increased. 

30 

Fig 5 a and b are block diagrams illustrating embodiments of an electric circuit 20 for operating 
a liquid crystal shutter 18 in accordance with the invention. Fig 5 shows general components of 
such an electric operating circuit, comprising a controllable voltage polarity switch, which is 
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connectable to a voltage source 22 via a voltage input 24. The voltage polarity switch 26 is 
coupled to a cell driving voltage control means 28 having a control signal input 30 and being 
coupled to the liquid crystal shutter 18. The electronic circuit 20 is devised to produce a cell 
driving voltage substantially higher, for example 1 .5 to 10 times higher for the darkest state 
than the threshold voltage of the liquid crystal material of the cells in the shutter. 

Fig 5 b shows another embodiment of the electric operating circuit 20 of Fig 5 a. A direct 
current voltage source 22 is in Fig 5 a connected to a voltage regulator 34, which itself is 
connected to a driver circuit 36. The driver circuit 36 is connected to polarity switch in the 
form of an oscillator or a flip-flop circuit that controls the drive frequency or the polarity of the 
voltage supplied to the liquid crystal cell 18 from the driver circuit 36. This embodiment is 
provided with two control signal inputs, firstly an light detector input 24 and secondly a 
transmission density control input through which the resulting shading if the shutter is 
selectable. An ambient light detector 22 comprising a photosensitive sensor 21 is conveniently 
coupled to the ambient light detector input 24. 

The polarity of the driving voltage may, for example, be switched at a presettable rate, or 
alternate in response to each detected sudden increase in ambient light. The latter being 
suitable for the welding glass filter application. 

Due to both a low twist angle and a reduced An*d parameter, the optical angular properties of 
the 0° birefringent cell with An*d in the range of 0.25 micrometers are found to be highly 
favourable and clearly suitable for both a single cell and a double cell liquid crystal shutter 
construction that requires a wide and symmetrical viewing field. Due to the large remnant 
retardation present in the 0° cell when driven at voltages less than 10 volts, the available cell 
contrast from such a device is found to be small in comparison to that for a 90° twisted 
nematic liquid crystal cell. In accordance with an embodiment of the invention, the cell contrast 
is improved by means of an addition of a compensating retardation film. In the 0° birefringent 
cell embodiment a small retardation value of about 25 to 30 nm is appropriate. In order to 
maximize the compensation effect, the retardation film should preferably be aligned such that 
the fast axis direction is perpendicular to the entrance and exit molecular director vectors of 
the cell. The compensating retardation layer for the 0° birefringent cell can for example be in 
the form of a single, uniaxial retardation film, with a value of between 10 to 50 nm. In another. 



WO 97/15: 



13 



PCT/SE96/01372 



embodiment, the compensating retardation layer may be implemented by means of retardation 
films that are aligned such that the net overall retardation generated by the films is within said 
interval. With, for example, a 27 run compensating retardation film applied in the shutter 
construction, the optimum An*d value of the cell combination is increased from about 0.27 
micrometers to 0.277 micrometers. 

Fig 6 illustrates how the optimal twist angle varies with the product between the optical 
anisotropy and the cell thickness. 

Fig 7 shows the electro-optic properties of a liquid crystal construction including a 4 
micrometer 0° birefringent cell. The birefringent cell, in this instance comprising the Merck 
ZLI-4246 liquid crystal giving a An*d value of about 0.52 micrometers, is placed between 
mutually crossed polarisers aligned at 45° and 135° relative to the entrance molecular director 
vector. The cell is, in correspondence with one embodiment of the invention, placed together 
with a band pass filter that has a high optical transmittance over the central part of the visible 
spectrum, that is in the range of 500 to 600 nm. Curve 20 shows the optical response of the 
cell combination without any compensating retardation film, whereas curve 22 shows a cell 
combination including a 26 nm compensating retardation film oriented such that the fast axis is 
perpendicular to the entrance molecular director. The improvement in cell contrast with the 
compensation retardation film is clearly seen in this figure. 

Fig 8 shows the in principle an embodiment of the invention provided with a retardation film 
positioned on one side of one of the liquid crystal cell 2 between the polarisation filters 3 and 
4. It is also possible to place a retardation film within the liquid crystal cell 2 between the 
molecular alignment directing plates. 
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Claims 



1. A liquid crystal shutter construction (18), suitable for a glare shield or a welding glass filter, 
which shutter construction is able to switch between a high light-absorbing dark state and a 
low light-absorbing transparent state, and vice versa, in response to an electric signal and 
which includes two nematic-type liquid-crystal cells disposed between transparent, electrode- 
loaded plates correctable to a voltage source (22) and which cells are provided with coatings 
treated to define the direction of molecule alignment at their mutually facing surfaces, whereby 
a mutual angular displacement between said plates causes the liquid crystals to form a twisted 
helix structure in the absence of a voltage between the electrode coatings on the plates, 
wherein the cells are each mounted between mutually extinguishing polarisation filters, and 
wherein the molecule alignment directions are turned so as to obtain a compensation effect 
between the respective asymmetrical light absorptions of the two cells when a voltage is 
applied, wherein at least one of the twisting angular displacements of the cells between said 
molecule alignment directions differs from 90*. characterized in means (20) for generating a 
variable cell driving voltage applicable to said electrode-loaded plates, said means (20) being 
devised to produce a cell driving voltage higher than twice the threshold voltage for at least 
one of the liquid crystal cells and with a polarity switching frequency of less than 1 Hertz. 

2. A shutter construction according to claim 1, characterized in that the angle between the 
alignment directions is such that the transmission density value or shade number of the shutter 
is variable in the range of 9 to 15 with a cell driving voltage higher than twice the threshold 
voltage for at least one of the liquid crystal cells. 

3. A shutter construction according to claim 1, characterized in that the angular displacement 
between the alignment directions of at least one of the cells has an angle of between 0° and 85°. 

4. A shutter construction according to claim 1 or 2, characterized in that the thickness of the 
liquid crystal cell, which differs from a 90° angular twist between said alignment, directions is 
so adapted that the product of the thickness and the difference between the highest and the 
lowest refractive index of the liquid crystal material for different polarisation directions is at 
most 0.4 mm, and that each cell has an angular difference between said molecular direction 
determining coatings of at most 70°. 
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5. A shutter construction according to claim 4, characterized in that said thickness is at most 
0.3 mm. 

5 6. A shutter construction according to any of the preceding claims, characterized in that the 
two cells are essentially identical; and in that the voltage source is adapted to apply equal 
voltages to the cells. 

7. A shutter construction according to any of the preceding claims, characterized in that the 
10 polarisation filters between which the respective cells are mounted have polarisation directions 

which cross one another at an angle of 90°. 

8. A shutter construction according to any of the preceding claims, characterized in that at 
least one of the cells, whose molecule alignment direction defining coatings have a mutual 

1 5 angular displacement below 90°, is mounted between polarisation filters whose polarisation 
directions coincide with the directions of the respective nearest coatings. 

9. A shutter construction according to any of the preceding claims, characterized in that the 
bisectrix of the acute angle between the alignment directions that differ from 90° is generally 

20 parallel with a bisectrix between the polarisation directions of the two surrounding polarisation 
filters. 

10. A shutter construction according to any of the preceding claims, characterized in that at 
least one of the liquid crystals has a relationship between, on the one hand, the product of the 

25 thickness and the difference between the highest and the lowest refractive indexes of the liquid 
crystal cells for different polarisation directions and, on the other hand, the angle between said 
alignment directions which corresponds to a point on the curve shown in Fig. 6. 

1 1. A shutter construction according to any one of the preceding claims, characterized in that 
30 for at least one of the cells the angular displacement between the alignment directions presents 

an angle between 0° and 50°, and in that a retardation film is disposed in connection to the 
liquid crystal cells. 
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12. A shutter construction according to any one of the preceding claims, characterized in that 
the means for generating a variable cell driving voltage comprises an electronic circuit (20) 
being provided with a voltage input (24) connectable to a voltage source (22), a voltage 
polarity switching means (26) for controlling the polarity of an output cell driving voltage, said 
voltage polarity switching means (26) being coupled to a driving voltage control means (28) 
which is provided with a control signal input (30) and which is coupled to a cell driving voltage 
input (32). 
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13. A shutter construction according to any of the preceding claims characterized in that the 
means (20) for generating a variable cell driving voltage is provided with a detector input (24) 
being connectable to an ambient light detector (22); and in that it comprises a voltage regulator 
(34) being connectable to a shade select means (30). 

14. A crystal shutter construction according to any of the preceding claims characterized in 
that the voltage polarity switching means is an oscillator or a flip-flop circuit. 

15. A shutter construction according to any of the preceding claims characterized in that it is 
a welding glass filter applied in a welding glass shield, or that it is applied in an optical 
instrument, such as an optical amplifier telescope or binoculars. 
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